The purpose of this study is to develop the treatment planning system (TPS) based on Monte-Carlo simulation for BNCT. In this paper, we will propose a method for dose estimation by Monte-Carlo simulation using the CT image, and will evaluate the accuracy of dose estimation of this TPS. The complicated geometry like a human body allows defining using the lattice function in MCNPX. The results of simulation such as flux or energy deposition averaged over a cell, can be obtained using the features of the tally provided by MCNPX. To assess the dose distribution and therapeutic effect, dose distribution was displayed on the CT image, and dose volume histogram (DVH) was employed in our developed system. The therapeutic effect can be efficiently evaluated by these evaluation tool. Our developed TPS could be effectively performed creating the voxel model from CT image, the estimation of each dose component, and evaluation of the BNCT plan.
Introduction
The general concept of Neutron Capture Therapy (NCT) was first proposed by Locher in 1936, and NCT which is used boron as the neutron capture element is called Boron Neutron Capture Therapy (BNCT). 1, 2) The principle of BNCT is based on the neutron capture reaction, i.e. 10 B(n, α) 7 Li, which is occurred between the neutron and boron incorporated into cancer cells. The alpha particles and recoiling lithium-7 ions are classified in high Linear Energy Transfer (high-LET). The path lengths of these are approximately 10 μm, which is almost equivalent to the mean cell diameter. They can be selectively damage to cancer cells while sparing adjacent normal cells. 3, 4) The dose estimation in BNCT is much more complicated than that in photon and electron radiation therapy, because neutrons produce many different nuclear reactions, each with a different physical and biological dose. Although biological dose in BNCT is necessary to consider strictly divided into each component on the basis of the origin of neutron reactions, the dosimetry could not be applied to it. Therefore, Monte-Carlo simulation that allows to take into account by separating each component is used as a solution of this problem. In order to perform the Monte-Carlo simulation, information of the geometry and structure materials is required.
Patient's computed tomography (CT) image is suitable to define them, and is required to accurately predict the dose to the individual patient. The purpose of this study is to develop the treatment planning system (TPS) based on Monte-Carlo simulation for BNCT. In this paper, we will propose a method for dose estimation by Monte-Carlo simulation using the CT image, and will evaluate the accuracy of dose estimation of this TPS. 
Materials and Methods

Monte-Carlo simulation code MCNPX
This study was performed using only mcnpx simulation without any specific dose calculation algorithm. The conventional TPS regarding the neutron beam is based on neutron dose calculation algorithm. However, we used the result of mcnpx simulation for calculating dose distribution originally, the mcnpx simulation tool is optimized to caluculated reaction between the neutron and the material (particle). For our developed TPS for BNCT, Monte Carlo n-particle extended -Easily getting the results of simulation that user specified.
The complicated geometry like a human body allows defining using the lattice function in MCNPX. In this study, the process for reconstructing the voxel models from patient's CT images is described in the following section. The results of simulation such as flux or energy deposition averaged over a cell, can be obtained using the features of the tally provided by MCNPX. The MCNPX uses pointwise continuous-energy neutron and photon cross sections based on the ENDF/B-VII data library.
Dose calculation
In this study, we assumed the treatment for malignant brain Moreover, biological dose is also calculated using the previously mentioned RBE and CBE values.
Results and Discussion
The voxel model was created from the patients' CT image for dose calculation. delivered to these greatly differs in BNCT treatment. We found that they could be considered using the MCNPX and patients' CT image.
To assess the dose distribution and therapeutic effect, dose distribution was displayed on the CT image (Fig. 4) , and dose volume histogram (DVH) was employed in our developed system (Fig. 5) . The therapeutic effect can be efficiently evaluated by these evaluation tool.
The absorbed dose can be estimated by our developed TPS in BNCT treatment. However, we assumed that 10 
Conclusion
We developed the TPS using the MCNPX and patients' CT image for BNCT treatment. Our developed TPS could be effectively performed creating the voxel model from CT image, the estimation of each dose component, and evaluation of the BNCT plan.
